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Abstract
Phrenic nerve palsy (PNP) is a well-known complication of cardiac surgery or jugular/subclavian
vein catheterization, presenting with cough, hiccups, dyspnoea/shortness of breath and, in some
cases, ventilatory failure. Rarely, PNP is a complication of transcatheter radiofrequency ablation
for atrial fibrillation. This report describes the case of a 72-year-old woman with a 2-year history
of recurrent paroxysmal atrial fibrillation associated with occasional palpitations and shortness of
breath who underwent routine transcatheter radiofrequency ablation. Three days after the
procedure, the patient developed shortness of breath and progressive dyspnoea. Motor nerve
conduction showed the absence of the right phrenic nerve compound motor action potential
compared with the normal left side confirming the diagnosis of a right phrenic nerve palsy.
This current case demonstrated the importance of undertaking an electrophysiological evaluation
of phrenic nerve conduction after transcatheter radiofrequency ablation in patients presenting
with palpitations and shortness of breath even if present a few days after the procedure.
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Introduction
Phrenic nerve palsy (PNP) is a well-known
complication of cardiac surgery or jugular/
subclavian vein catheterization, presenting
with cough, hiccups, dyspnoea/shortness
of breath and, in some cases, ventilatory
failure.1,2 On rare occasions, PNP is a com-
plication of transcatheter radiofrequency
current atrial fibrillation ablation. This cur-
rent report describes a case of PNP subse-
quent to transcatheter radiofrequency
ablation for atrial fibrillation.
Case report
In September 2017, a 72-year-old woman
was referred to the cardiology unit of Casa
di Cura Villa dei Fiori, Mugnano, Italy
because of a 2-year history of recurrent par-
oxysmal atrial fibrillation associated with
occasional palpitations and shortness of
breath. She was on warfarin anticoagulation
medication and no significant medical prob-
lems and structural heart disease were
reported. Despite treatment with 100 g
atenolol orally per day for 1 year, she expe-
rienced several pharmacological and electri-
cal cardioversions and took the opportunity
for a potentially curative approach with
transcatheter radiofrequency ablation. The
procedure was performed via the femoral
route; 7-Fr catheters were used to map the
left atrium and pulmonary veins. Energy
applied was limited to a power of 20W
achieving a maximum temperature of
45 C. Radiofrequency applications lasted
an average of 3–4 min per vein resulting in
elimination of pulmonary vein action poten-
tials. No phrenic nerve stimulation was
performed during ablation of the superior
right pulmonary vein. During and immedi-
ately after the procedure, the patient pre-
sented with no symptoms.
Three days after the procedure, the patient
developed shortness of breath and also pro-
gressive dyspnoea. Electrocardiograms and
echocardiograms were well within normal
limits, while the chest X-ray revealed an ele-
vated right hemidiaphragm (Figure 1a).
Subsequently, the patient was referred
to the I Division of Neurology and
Neurophysiopathology, University of
Campania Luigi Vanvitelli, Naples, Italy
for neurological and neurophysiological
assessments in February 2018. The neuro-
logical examination was of no particular
relevance. The patient had no hiccups or
cough. A fluoroscopic sniff test (i.e. dia-
phragm fluoroscopy), was performed during
chest fluoroscopy, which demonstrated a
lack of right hemidiaphragm movements
during voluntary inspiration (Figure 1b).
These findings suggested right phrenic nerve
palsy. In addition, motor nerve conduction
was examined and showed the absence of a
right phrenic nerve compound motor action
potential (CMAP) compared with the
normal left side (Figure 2), confirming the
diagnosis of right phrenic nerve palsy.
The patient did not require noninvasive
mechanical ventilation. She experienced a
spontaneous complete recovery within
2 months. Asymptomatic paralysis per-
sisted at an 8-month follow-up visit.
Consent to publish this case report was
received from the Ethics Committee of the
University of Campania Luigi Vanvitelli,
Naples, Italy. Verbal informed consent
was obtained from the patient.
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Discussion
Radiofrequency ablation is an effective tool
in the management of symptomatic atrial
fibrillation.3 This procedure is more fre-
quently associated with groin complica-
tions and pericardial effusion/cardiac
tamponade, but it can cause right PNP
due to the close proximity of the nerve
to the right pulmonary veins and the
right atrium.4 PNP has been reported to
be a rare complication of transcatheter
radiofrequency ablation. For example, a
recent review reported only one case of
PNP occurring during 2750 (0.04%) con-
secutive radiofrequency ablations for
atrial fibrillation.5 However, the use of a
non-radiofrequency source of energy is
unlikely to prevent this complication
because phrenic nerve injury has been
reported following ultrasound, laser and
cryothermal ablation.6 With the appear-
ance of cryoballoon ablation, which is
an effective tool for achieving pulmonary
Figure 1. A 72-year-old woman with a 2-year history of recurrent paroxysmal atrial fibrillation associated
with occasional palpitations and shortness of breath underwent routine transcatheter radiofrequency cur-
rent atrial fibrillation ablation. Three days after the procedure, the patient developed shortness of breath
and progressive dyspnoea. Chest radiography revealed an elevated right hemidiaphragm (yellow arrow) (A).
A sniff test during chest fluoroscopy demonstrated a lack of right hemidiaphragm movements during vol-
untary inspiration (asterisk: T7–T8; long black arrow: right hemidiaphragm; short black arrow: left hemi-
diaphragm) (B). The colour version of this figure is available at: http://imr.sagepub.com.
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vein isolation, PNP has become more
common with the rate in the range of 8–
11% in some studies.7
The right phrenic nerve descends verti-
cally from its origin and continues along
the right anterolateral surface of the supe-
rior vena cava. Descending down the ante-
rolateral wall of the superior vena cava, it
approaches the superior cavo-atrial junc-
tion and follows in close proximity to the
right-sided pulmonary veins. At this level,
the distance between the right superior pul-
monary vein and the right phrenic nerve is
between 0.0 mm and 2.3mm.8Therefore,
the right phrenic nerve is particularly at
risk when ablations are carried out in the
superior vena cava and the right superior
pulmonary vein.9
There is no reliable method of predicting
phrenic nerve injury prior to the procedure.
As reported previously, the only technique
that predicts phrenic nerve injury is electro-
myography, which specifically records
the phrenic nerve CMAP during ablation,
by means of two standard surface electro-
des positioned across the diaphragm or by
advancing a quadripolar catheter into
the right hepatic vein during phrenic
nerve pacing.10
The current patient developed symptoms
3 days after the ablation procedure and
spontaneously recovered in 2 months. This
clinical course was also described in a pre-
vious study of 18 patients who developed
PNP after atrial fibrillation catheter abla-
tion, in whom nine of the patients were
diagnosed with PNP up to 3 days after the
procedure.11The same study showed a sig-
nificantly shorter recovery if the PNP diag-
nosis was made during the procedure as
opposed to the diagnosis being made
after the procedure: meanSD recovery
time of 3 2 months (median 1.5 months)
versus 7 5 months (median 6 months)
(P¼ 0.027), respectively.11
Phrenic nerve injury can be diagnosed
during a clinical examination and via a
chest X-ray. Around 90% of unilateral
Figure 2. A 72-year-old woman with a 2-year history of recurrent paroxysmal atrial fibrillation associated
with occasional palpitations and shortness of breath underwent routine transcatheter radiofrequency cur-
rent atrial fibrillation ablation. Three days after the procedure, the patient developed shortness of breath
and progressive dyspnoea. Motor nerve conduction showed the absence of the right (R) phrenic nerve
compound motor action potential compared with the normal left (L) side.
Abbadessa et al. 3441
diaphragm palsy is diagnosed based on an
elevated hemidiaphragm on routine chest
X-rays.12 The sniff test is a useful tool to
diagnose PNP, as it shows paradoxical ele-
vation of the paralyzed hemidiaphragm
with inspiration, compared with the rapid
descent of the normal hemidiaphragm.13
The diagnosis should be confirmed with a
phrenic nerve conduction study and dia-
phragm electromyography.14
In unilateral diaphragmatic paralysis,
patients are usually asymptomatic, have a
good prognosis and do not always need treat-
ment. This is specifically true in the absence
of underlying lung disease.15 Symptomatic
patients do not require treatment unless exer-
cise limitation becomes significant or symp-
toms persist. If therapy is required, the first
treatment option could be noninvasive
mechanical ventilation. Another procedure
often followed is the surgical plication of
the affected hemidiaphragm.16As reported
previously, chest physiotherapy led to a
marked improvement in the functional out-
come following post-cardiac surgery dia-
phragmatic palsy.17
In conclusion, this current case demon-
strated the importance of undertaking an
electrophysiological evaluation of phrenic
nerve conduction after transcatheter radiofre-
quency ablation in patients presenting with
palpitations and shortness of breath even if
present a few days after the procedure.
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